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(57) Abstract 

A system for guidance and/or switching of a vehicle (100) or other object comprises a guideway (1 10), a guide plate (108) that moves 
along the guideway (110), and a magnetic field source that induces a magnetic force between the guide plate (108) and at least a portion 
of the guideway (1 10) over which the guide plate (108) is moving. The guide plate (108) is attached to the vehicle (100) or coupled to its 
steering systems. The magnetic force centers (he guide plate (108) along the guideways (1 10) by opposing any lateral deviation from center. 
Hie magnetic field source is a permanent magnet, an electromagnet (including a superconducting magnet) or any other known magnetic 
field source. It is preferably included in, or forms part of, the guide plate (108). Likewise, the guide rail preferably comprises ferromagnetic 
or paramagnetic material, Le., a material that forms a temporary magnet in the presence of the magnetic field of the source. Thus, for 
example, one aspect of the invention provides a system of vehicle guidance in which the guide plate (108) comprises an arrangement of 
permanent magnets that slide over a ferromagnetic, e.g., steel, guideway rail. 
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Vehicle Guidance and Switching via Magnetic Forces 

5 Background of the Invention 

This invention pertains to vehicular transport and, more particularly, to methods 
and apparatus for the guidance and switching of vehicles. 

Vehicle guidance is an important part of any transportation system and for 
centuries a sequence of new schemes have been devised to guide or steer a vehicle. For 

10 example, conventional railroads use conical wheels and a solid axle to provide 
guidance, while a flange on the wheel provides backup guidance in case an 
exceptionally strong force is required. Automobiles use steered wheels which depend 
upon traction with a road to provide guidance. Air cushion vehicles use air pressure for 
both vertical suspension and horizontal guidance. Magnet levitation (maglev) vehicles 

15 utilize magnetic forces for both suspension and guidance. Some transportation systems 
use rubber tired wheels for suspension with additional guidance wheels that interact 
with special guidance rails to control the direction of vehicle travel. Some of the more 
recent patents on these and related topics are: United States Patent Nos. 3,628,462; 
3,768,417; 3,858,521; 3,927,735; 4,061,089; 4,522,128; and 5,277,124. 

20 All guidance systems must have means to choose between alternate directions 

of travel. Automobiles use steered wheels to control lateral motion, a method that 
works well when traction is good but works poorly in wet or icy conditions when 
traction is bad. Conventional trains use switches with mechanically movable rails, a 
system that works well in some applications but takes several seconds to activate and is 

25 prone to maintenance problems. Magnetic or air cushion suspended vehicles use 

switches that require motion of large sections of a guideway. Accordingly, these latter 
systems have the same disadvantages as trains, in addition to high cost Although the 
art has additionally proposed certain uses of magnetic forces to guide magnetically 
suspended vehicles (e.g., as described in United States Patent Nos. 3,768,417; 3,858,52 

30 and 3,927,735), these generally do not have broad application. 

In order to allow vehicles to operate with headways of 1 second or less, 
systems for automated material handling or personal rapid transit have used lateral 
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guidance wheels with mechanically movable parts on the vehicle to initiate switching; 
this is exemplified in United States Patent Nos. 4,061,089; 4,522,128; 5,277,124. These 
systems all depend upon movable wheels that engage either a left or a right guidance 
rail according to the preferred direction of travel. These guidance and switching means 
tend to cause substantial mechanical drag forces and, require considerable maintenance. 

Since all guidance systems have both strengths and weaknesses, there has been 
a continual search for new methods of achieving guidance. 

In view of the foregoing, an object of the invention is to provide improved 
methods and apparatus for vehicle guidance and switching. A more particular object 
of the invention is to provide such methods and apparatus as can be applied to all types 
of vehicles, regardless of the mechanisms by which they are suspended and/or steered. 

A further object of the invention is to provide such methods and apparatus as 
can be applied to guidance of wheeled "road" vehicles, such as automobiles, buses and 
trucks. A related object is to provide such methods and apparatus for "track" vehicles, 
such as trains, trolleys, personal rapid transits vehicles and baggage-carrying vehicles. 

A still further object of the invention is to provide such methods and apparatus 
as require few, if any, moveable mechanical guidance components and, therefore, 
which can be applied in low headway applications, such as personal rapid transit. 

Yet still another object of the invention is to provide such methods and 
apparatus as can be utilized to guide and switch vehicles on friction, as well non- 
friction, surfaces. 

These and other objects of the invention are evident in the drawings and in the 
description that follows. 

Summary of the Invention 

The foregoing objects are among those attained by the invention, which 
provides methods and apparatus for guiding and/or switching vehicles and other objects 
by magnetically guiding a guide plate, e.g., attached to the vehicle or coupled to its 
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steering systems, over a guideway. 

More particularly, one aspect of the invention provides a system for vehicle 
guidance including a guideway, a guide plate that moves along the guideway, and a 
magnetic field source that induces an attractive magnetic force between the guide plate 
5 and at least a portion of the guideway over, under or otherwise near the guide plate. 
The magnetic force has at least a passive component that opposes lateral deviation of 
the guide plate from a direction of motion defined by the guideway. That passive 
component is exerted without the need for feedback or other control and even in the 
absence of motion by the guide plate in the direction of motion established by the 
10 guideway. Thus, for example, the magnetic force opposes lateral deviation from the 
guidepath, regardless of whether the guide plate (and the vehicle to which it is 
attached) are moving, e.g., at 0.5 or 500 miles per hour. Moreover, no additional 
power is required to produce that passive component (apart from the nominal power 
requirements of an electromagnet included in the guideway or guide plate). 

15 The magnetic field source is a permanent magnet, an electromagnet (including a 

superconducting magnet) or any other known magnetic field source. It may be 
included in, or form part of, the guide plate - though it can be included in, or form 
part of, the guideway itself. The guide rail preferably comprises a ferromagnetic or 
paramagnetic material, i.e., a material that attains magnetic properties in the presence 

20 of the magnetic field of the source. Thus, for example, one aspect of the invention 
provides a system of vehicle guidance in which a vehicle-mounted guide plate 
comprises an arrangement of permanent magnets that move over a ferromagnetic, e.g., 
steel, guideway rail. 

In alternate aspects of the invention, it is the guideway that incorporateis a 
25 magnetic field source, while the guide plate incorporates a ferromagnetic or 
paramagnetic material. Thus, for example, the guide plate can comprise a 
ferromagnetic or paramagnetic material that moves over a permanent magnet, 
electromagnet or other magnetic field source in the rails. In still other aspects, both 
the guideway and guide plate incorporate magnetic field sources, e.g., permanent or 
30 electromagnets. 
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According to one aspect of the invention, the guide plate is attached or 
otherwise coupled directly to the vehicle. As the vehicle deviates laterally from the 
path defined by the guideway, the guide plate does likewise. The restorative force 
induced by the magnetic field to correct the path of the guide plate is likewise 
5 transmitted to the vehicle, via its coupling to the guide plate, thus correcting the path 
of the vehicle, as well. 

Related aspects of the invention are particularly suited to guidance of steered 
vehicles. Here, the guide plate is coupled to the steering mechanism, as well as - or in 
lieu of - the vehicle itself. According to this aspect of the invention, as the guide plate 

10 deviates from the path defined by the guideway, a corrective force is coupled to the 

steering mechanism (as well as to the vehicle itself) to facilitate redirection. Thus, for 
example, a guide plate can be affixed to a pin, gear, or other such structure on which 
the wheels of a vehicle pivot If these magnets begin to fall out Of line with the 
guideway path, the corrective force pivots the pin, gear, or other such structure, 

15 thereby causing the wheels to pivot and the vehicle to realign with the guidepath. 

Further aspects of the invention provide a system as described above which 
additionally provides for vehicle switching. Such a system includes, in addition to the 
elements mentioned above, a second guideway that diverges from the first As the 
moving guide plate crosses the point of divergence, or "switching" point, it follows the 
20 second guideway, e.g., if the magnetic force between it and the. plate is greater than the 
magnetic force between the first guideway and the plate. Otherwise (depending on the 
geometry of the divergence point and on inertia), the guide plate simply continues to 
follow the first guideway. 

In related aspects of the invention, the relative magnetic forces exerted by the 
25 first and second guideways on the guide plate are controlled by selectively boosting (or 
attenuating) the magnetic field associated with either of the guideways, e.g., using an 
electromagnet or using mechanical means to raise (or lower) either of the guideways 
and, thereby, to increase (or decrease) the respective magnetic force. 

Still further aspects of the invention provide systems of the type described 
30 above in which the guide plate and guideway have magnetic poles that are disposed in 
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opposing physical relationship to one another and that are of opposing magnet 
polarities. 

The poles can be inherent in the materials selected for the components, e.g., as 
in the case of a guide plate that is formed from a permanent magnet or that includes an 
5 electromagnet Alternatively, they can be induced in the components, e.g., as in the 
case of a guideway includes ferromagnetic or paramagnetic materials under the 
influence of a magnetic field. 

In related aspects of the invention, the opposing poles of the guide plate and 
guideway do not physically touch but, instead, are separated by a small gap, e.g., of air 
10 or other gas, fluid, or particulate matter that does not unduly attenuate the magnetic 
flux or restrict movement of the guide plate with respect to the guideway. 

The magnetic field flux passing between the opposing poles is focussed, in 
accord with further aspects of the invention, to minimize flux leakage and maximize 
the lateral corrective forces between the plate and guideway. This can be 
15 accomplished by providing ferromagnetic or paramagnetic tips, e.g., on permanent 
magnets forming the poles of the guide plate. 

Related aspects of the invention provide a system as described above in which 
the guide plate has a pair of poles that are disposed in physically opposing relationship 
to, and of opposite polarity from, a corresponding pair of poles on the guide way. 
20 According to this aspect of the invention, the poles on the guide plate are of opposite 
polarity from one another. Thus, for example, two poles on a guide plate can be 
formed from respective permanent magnets, one having its "north" pole facing the 
guideway, the other having its "south" pole facing the guideway. 

Still further related aspects of the invention provide systems as described above 
25 in which the spacing between the paired poles of the guide plate differs from that of 

the corresponding paired poles of the guideway. According to one preferred aspect of 
the invention, for example, the spacing between the poles of the guide plate is slightly 
greater than a spacing between the corresponding poles of the guideway. Such 
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spacings can enhance the restorative magnetic forces between the guide plate and the 
guideway. 

In instances where the poles of the guide plate or guideway are formed from 
magnetic field sources, e.g., permanent magnets, further aspects of the invention 
5 provide for inclusion of a ferromagnetic material or paramagnetic material between 
those poles of the magnets that do not comprise a pole of the guide plate. Thus, for 
example, where the north and south poles, respectively, of two permanent magnets 
form the poles of a guide plate, the south and north poles, respectively, of those 
magnets can be magnetically coupled by steel or iron, e.g., to close a flux loop and, 
10 thereby, enhance magnetic field strength. 

Still other aspects of the invention provide systems of the type described above 
in which the guide plate comprises a magnetic field source and in which the guideway 
comprises a ferromagnetic or paramagnetic material with poles formed from ends 
disposed in opposing physical relationship to the corresponding poles of the guide 
15 plate. The guideway, for example, can be formed in a U-shaped channel from a solid 
ferromagnetic strip or, preferably, from a laminated strip, e.g., to minimize eddy 
currents. In further embodiments, the poles can have cross-sections that decrease at 
those ends which are disposed in opposing physical relationship to the corresponding 
poles of the guide plate. 

20 Yet still other aspects of the invention provide systems of the types described 

above for guidance of objects other than vehicles. In one such aspect, the invention 
provides a shaftless flywheel, e.g., for energy storage, wherein a guide plate and 
guideway are used to maintain alignment of the wheel. The guide plate comprises, for 
example, a circular length of paramagnetic or ferromagnetic material that is mounted 

25 on the flywheel. A circular rail comprising a permanent magnet, electromagnet or 

other magnetic field source is mounted on an opposing surface of the housing in which 
the flywheel rotates. When the wheel is fully aligned, no net lateral magnetic forces 
are exerted between the guide plate and rail. However, should the wheel begin to 
precess or otherwise deviate from alignment, a lateral force between the guide plate 

30 and rail tends to realign the flywheel. In related aspects, the magnets on the guide 
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plate are arranged so as to provide a force for at least partially suspending the 
flywheel, e.g., against the force of gravity. 

Yet still other aspects of the invention comprise methods for guiding a vehicle 
that parallel the operation of the systems described above. 

Systems constructed in accord the invention have numerous advantages over the 
prior art For example, since the corrective force effected by the magnetic field 
between the guide plate and guideway does not depend on friction, reliable guidance 
can be accomplished without physical contact, or when there is insufficient friction to 
provide guidance, such as an automobile on an icy road. Moreover, such systems can 
be constructed without any movable parts on either the vehicle (or other object) or the 
guideway and, thus, can be readily applied to applications requiring low headway. 

The foregoing and other aspects of the invention are evident in the drawings 
and in the description that follows: 

Brief Description of the Drawings 

A more complete understanding of the invention may be attained by reference 
to the drawings, in which: 

Figure 1 depicts a vehicle guidance system according to the invention; 

Figure 2 depicts a guide plate and guideway used to induce a corrective 
magnetic guidance force in a system according to the invention; 

Figure 3 illustrates the corrective magnetic forces induced in the guide plate and 
guideway of Figure 2 when the guide plate strays laterally from equilibrium, i.e., from 
the pathway defined by the guideway; 

Figure 4 illustrates the corrective forces produced in the directions of the x- and 
y-axes as a function of lateral displacement for a guide plate and guideway of the type 
shown in Figure 2; 


-7- 


SUBSTITUTE SHEET ( rule 26 ) 


WO 99/33691 PCT/US98/27401 

Figure 5 depicts alternative structures and arrangements of the guide plate and 
guideway of Figure 2; 

Figure 6 illustrates magnetic flux lines between and within the guide plate and 
the guideway in the embodiment shown in Figure 5; 

5 Figures 7 A and 7B illustrate a mechanism for coupling guide plates to the 

steering mechanism, to wit, the pivotable wheels of a vehicle, in a system according to 
the invention; 

Figure 8 depicts the use of electromagnetic coils in a guideway to vary the 
magnetic force between it and a guide plate in a system for vehicle guidance and 
10 switching according to the invention; 

Figures 9A-9B illustrate an alternate embodiment of the invention in which a 
pair of guideways provide for switching of a vehicle; and 

Figure 10 depicts a mechanism according to the invention for controlling the 
radial position of a flywheel. 

15 Detailed Description of the Illustrated Embodiment 
Introduction 

As shown in the drawings and discussed below, the invention utilizes magnetic 
forces for guiding vehicles (and other objects) in motion on a guideway and/or for 
diverting or merging vehicles at switch points on the guideway. The guidance is 

20 achieved by the interaction of magnetic field produced by the guide plate - or, in the 
illustrated embodiment, by the vehicle itself (to which the guide plate is affixed) - with 
ferromagnetic strips running the length of the guideway. Although it can be 
supplemented with feedback-based or other active components, the magnetic guidance 
provided by the invention can be entirely passive. Thus, for example, the restorative 

25 force between the guideway and the guide plate can be exerted without control 

circuitry that might otherwise serve to increase (e.g., the magnetic field) and regardless 
of the relative speed of the plate along the pathway defined by the guideway. 
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One factor in various ones of the illustrated embodiments to achieving passive 
guidance utilizing magnetic forces is to have a magnetic field on the vehicle that is 
focused into a small region above relatively narrow ferromagnetic rails on the 
guideway. There can be any number of rails, but one to four will suffice for many 

5 group rapid transit, personal rapid transit and material handling applications. Such 
guidance rails will typically be paired so as to provide a round trip path for the 
vehicle's magnetic flux through the guideway rails and back to the vehicle. This 
efficient magnetic structure allows modest sized vehicle magnets and guideway rails to 
produce strong magnetic forces. The interaction of the magnets with the rails can 

10 provide sufficient lateral forces on the vehicle to keep the vehicle from leaving the 
guideway on turns and when it is subjected to external forces. 

A guidance system must be able to steer vehicles into one of two or more paths 
on diverging guideways and also be able to merge vehicles that are converging from 
different directions. When mechanical guidance is used this entails the use of 

15 mechanically movable parts on either the vehicle or the guideway. With magnetic 
guidance switching can be accomplished without any moving parts. As discussed 
below, in certain embodiments of the invention electromagnets are located on the 
guideway at switch points and they produce magnetic fields that can be rapidly 
changed to allow closely spaced vehicles to merge or diverge without risk that 

20 mechanical failure will produce accidents. Such switches can be designed to be fail 
safe so that if the switching magnets fail the vehicles will merge safely at points of 
merger or continue straight at points of diversion. 

Guidance 

Figure 1 illustrates a wheeled vehicle constructed in accord with the invention. 

25 The vehicle 100 comprises a chassis and body 104 for holding persons, cargo or other 
materials to be transported. Although the illustrated body 104 is a platform, those 
skilled in the art will appreciate that other person- or cargo-carrying configurations can 
be utilized as well. The illustrated vehicle 100 is "suspended" by wheels or coasters 
106 which roll over a surface including guideways 110, as shown. The surface can be 

30 a roadway, floor, rails or other surface(s) suitable for supporting the wheels 106 and 
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vehicle 100. Those skilled in the art will appreciate that the invention can be applied 
to non-wheeled vehicles, as well. Thus, for example, suspension can be provided by 
an air cushion (e.g., over land or water), by fluid "lift" (e.g., as in the case of an 
airplane or helicopter), by magnetic levitation, or otherwise. Propulsion for vehicle 
100 can be provided by any known propulsion source, e.g., motorized wheels (e.g., as 
in the case of an automobile), force from an external source (e.g., as in the case of 
railroad cars), gravity (e.g., as in the case of a rollercoaster), and linear motor (e.g., as 
in the case of a magnetically propelled vehicle). 

Guide plates 108 are coupled to vehicle 100 and, optionally, to its steering 
mechanism, to guide its motor along guideways 110. Though only a single guide plate 
and guideway need be provided, the illustrated vehicle 100 is guided by four fore-and- 
aft guide plates that travel over two guideways 110, as shown. Among the components 
of a guidance system used in practice of the illustrated embodiment are a source of 
magnetic field on guide plates 108, e.g., attached to the vehicle 100, and ferromagnetic 
rails on the guideways. Though the guide plates 108 (and their accompanying 
magnets) are shown on the outside of the wheels, they could be on the inside as well. 
In this example the wheels 106 are designed to have low friction with the running rails 
and do not contribute to the steering. 

Figure 2 is a cross section view of a guide plate 1 and guideway 7 
(corresponding to elements 108 and 110 of Figure 1) according to one practice of the 
invention. In this embodiment, the guide plate 1 has two rows of permanent magnets 
2 running longitudinally in the direction of vehicle travel, as defined by the guideway 
7 and, particularly by its rails 6. That direction of travel is indicated by axis z. The 
magnets of the guide plate can be magnetized as shown with N designating a north 
pole and S designating a south pole. The magnets 2 produce a strong magnetic field in 
narrow regions 4, e.g., air gaps between the rows of permanent magnets 2 and the 
ferromagnetic rails 6 on the guideway 7. The permanent magnets 2 are connected by a 
ferromagnetic member 8, while the two guideway rails 6 are connected by a similar 
member 9 so as to complete a magnetic circuit and allow magnetic flux to circulate 
from one row of the vehicle magnets 2 through the guideway rails 6 and back to the 
other row of vehicle magnets 2. 
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In Figure 2 the magnetic forces 5 arising between the guide plate 1 and 
guideway 7 are indicated by arrows. In the equilibrium or centered position shown in 
Figure 2, there is no net lateral force 5 between the guide plate and the guideway, i.e., 
no net force along an axis x perpendicular to the direction of motion defined by the 
guideway 7. The only net force is a downward force along axis y attracting the 
vehicle to the guideway. In this condition, the vehicle is in a state of equilibrium with 
respect to lateral motion. If the guide plate 1 moves laterally, i.e., to one side of the 
center of the guideway 7, such as shown in Figure 3, then there is still both downward 
force, but now there is a net lateral force 5 to one side. In short, the magnets 2 and 
ferromagnetic rails 6 have created a centering force that tends to push the vehicle 
towards the centered (or other equilibrium) position shown in Figure 2. 

Figure 4 shows typical plots of F x and F y as functions of the lateral 
displacement x, of the guide plate from the centerline 12 (or other equilibrium 
position) of the guideway. In Figure 4 the forces are normalized so the downward 
force has unit magnitude and one unit of distance in the * direction is equal to the 
width of the poles, which is assumed to be approximately equal to the length of the 
gap 4 between magnets 2 and guideway rails 6. In a typical design the maximum 
downward vertical force is about 4 times larger than the maximum lateral force. Near 
equilibrium the magnetic force acts exactly as though there were symmetrically located 
springs between the sides of the guide plate and the guideway. In the equilibrium 
position there is no net spring force, but when the guide plate deviates from the 
equilibrium position there is a spring-like restoring force. For small displacements the 
spring force is proportional to the displacement from equilibrium, similar to the 
behavior of a conventional mechanical springs; this is indicated by the linear relation 
between F x and x near x = 0 in Figure 3. This "magnetic spring" plays a significant 
role in guidance. 

The Guide Plate and Guideway 

The structures shown in Fig. 2, using commercially available permanent 
magnets 2, produce usable flux on the order of 0.6 Tesla. Figure 5 depicts an 
embodiment that concentrates the flux in the gap region 4 and, thereby, achieves higher 
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performance. In this embodiment, high permeability pole tips 13 are mounted below 
the permanent magnets 2 so as to cause the flux in the air gap 4 to be about 3 times as 
great as it would be without the poles tips. Since the guidance force varies as the 
square of the flux density in the gap, this produces a significantly higher guidance 
5 force for a given weight and cost of the magnetic structure. Of course, those skilled in 
the art will appreciate that gap 4 (as illustrated here and throughout) need not be filled 
with air but, rather, can contain any other fluid or medium that does not unduly 
attenuate the magnetic flux and that does not unduly restrict movement of the guide 
plate relative to the guideway. 

10 Another improvement shown in Figure 5 is the lamination of the ferromagnetic 

guideway rails. The guideway 7 is constructed from laminated steel (or other 
ferromagnetic or paramagnetic) strips so as to minimize drag forces produced by eddy 
currents in the guidance rails 6. The lamination also prevents the loss of guidance at 
high speeds due to repulsive forces created by eddy currents in the guidance rails. In 

15 some cases this lamination may be unnecessary, such as when the maximum 

operational speed is relatively slow or the guidance rails are relatively narrow. In some 
cases, such as shown in Figure 5, it is preferable to provide more laminations in the 
lower or base portion of guideway 7 than in the upper or rail portions. This niinimizes 
problems with magnetic saturation where the magnetic fields are the strongest 

20 Another feature of the design in Figure 5 is the slight offset of the guide plate 

poles 13 relative to the opposing poles 14 of the guideway rails 6. This accomplishes 
two goals: it reduces the leakage flux between the two rows of vehicle magnets 2 and 
it decreases the downward attractive force between the guide plate 1 and the rails 6. 
The guidance force is reduced less than vertical force is reduced, so the ratio of the 

25 two forces is reduced and the magnitude of the ratio of F y to F x can be reduced to 4 or 
even slightly less. If reduced downward force is not required, then the poles 13, 14 can 
be aligned. 

Figure 6 shows a magnetic flux plot is for a preferred arrangement of a guide 
plate and guideways. A preferred choice is to make the pole tips 13 approximately the 
30 same width as the air gap 4 length, and to concentrate the flux enough to provide 


-12- 


SUBSTITUTE SHEET ( rule 26 ) 


WO 99/33691 PCT/US98/27401 

nearly saturation flux in a guideway rails 6. The force plots shown in Figure 6 were 
computed for a configuration as described below. For purposes of the illustration, the 
magnets 2 are Neodymium-iron-boron, which provide a working flux density in the 
permanent magnets of about 0.5 Tesla. Assuming steel guidance rails 6 on the 
5 guideway 7, a good design value of peak air gap flux is 1.5 Tesla. Hence the pole tips 
13 are designed to concentrate the permanent magnet flux by about a factor of 3, 
Since the peak field is not at the pole tips, the actual flux density in the pole tips is 
only about 1 Tesla. 

To further understand the foregoing, it will be appreciated that the attractive 
10 force on a ferromagnetic surface is given by: 

F = #12^ per unit area 

For £ = 1 Tesla, F = 0.3979-10* N/m 2 = 58.8 psi 

To a first approximation we can assume that this is the force per unit area on 
the guide plate pole tips 13. For this example assume that the pole tip flux is 1 Tesla 

15 and each of a pair of guidance rails is 2 mm wide; then the vertical force is F y = -4 • 
X* . o.4 = -1.6 N per mm of length of the pair of guidance rails. The maximum 
guidance force is then about F x = 0.25 \F y \ = 0.4 N per mm of length. If a vehicle has 
4 guidance modules, each 100 mm long, then the maximum guidance force on the 
vehicle is about 160 N > 36 pounds. The downward vertical force is 4 times the peak 

20 guidance force, or about 144 pounds. If all of the dimensions were doubled, then the 
areas would increase by a factor of 4 and the flux density would stay constant, so the 
force would be 4 times as large. If the air gap length is about the same as the pole 
width, then the peak guidance force will occur when the vehicle displacement from the 
centerline is a little more than the air gap length and the shape of the force 

25 displacement curve will be similar to that shown in Figure 4. 

Parameters in this design can be changed in ways that will be evident to those 
skilled in the art of designing permanent magnet structures. The details of the design 
might depend on whether the main effort is to: reduce cost of the vehicle guidance 
components, reduce cost of the guideway rails, reduce vehicle weight, reduce 
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downward force, etc. As will be appreciated, a system according to the invention can 
achieve enough force, and a force which changes rapidly enough with lateral 
displacement, to reliably guide a variety of vehicles. 

Steering Wheeled Vehicles 

For wheeled vehicles it is critical to arrange for the wheels to be steered in die 
right direction in a stable manner. The simplest approach is to lock the wheels in a 
fore-and-aft position and use wheels that have relatively low friction with the guideway 
so that the magnetic forces can force the vehicle to follow the guideway, even when 
some amount of dragging is necessary. While simple, this method produces scrubbing 
action of the wheels on the guideway when turning corners and is not a recommended 
approach except on straight guideways. 

Another solution for small vehicles is to use castors and let the castors pivot so 
as to trail the direction of motion. If operation is restricted to a single direction, then 
the castors do not have to pivot very much and this is a good solution. If two 
directions of travel are required, then the guideway nmning surface must be widened 
everywhere that the vehicle is required to be able to switch directions so that the 
castors can pivot as needed. 

Still another method of steering a wheeled vehicle is to couple the guide plate 
directly to pivotable wheels so that they are always pointed in the correct direction. 
The design problem is to find a way to do this that is simple and reliable and allows 
stable operation in both directions. An approach according to one practice of the 
invention is shown in Figs. 7A and 7B, which show front and side views, respectively, 
of a wheeled steering mechanism 18 configured according to the invention for steering 
a vehicle (not shown). 

As shown in Figures 7A-7B, the wheel 18 is equipped with four guidance 
magnets 20A-20D, one at each corner of steering mechanism 18 structure that pivots 
on a vertical axle 21. The magnets 20A-20D are rigidly attached to a bearing which 
supports an axle 24 of a wheel 22 which is centered in pivoting structure 18. The 
guidance magnets 20A-20D have field focusing poles 26 which produce strong 
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guidance forces that tend to align the magnets with the laminated guidance rails 28 in 
the guideway, as described above. In Fig. 7 the guideway 30 is a box beam having a 
substantially non-magnetic core supporting the guidance rails 28 in place, though other 
support structures are possible. Preferably that the wheel 22 does not have 
5 ferromagnetic parts that adversely affect the magnetic guidance. 

The magnetic guidance system of Figs. 7A-7B use vertical guidance rails 28 
without a ferromagnetic element to carry the return flux. In this design, the return flux 
is carried longitudinally in the guidance rails 28 between the fore and aft guidance 
magnets 20A-20D. This approach may produce somewhat higher eddy current loss in 

10 the guidance rails 28, but these losses are not normally very high and there may be an 
offsetting cost advantage and, if necessary, thinner laminations can be used. Of course, 
a lateral return flux path can also be utilized, e.g., of the type shown in Fig. 5. If 
magnetic switching is to be used, then it is imperative to use a lateral return flux path 
and the magnetic flux directions should be the same on one side of the wheel and 

15 opposite to that on the other side. 

It will be evident to those skilled in the art that there are other ways to couple 
the magnetic forces to the wheels so as to effect steering. For example, if the vehicle 
primarily goes in one direction it is possible to modify the design of Figs. 7A-7B by 
moving the pivot point slightly forward and restricting the amount of pivot to only a 
20 few degrees. This will improve the steering stability for forward motions at the 

expense of stability for reverse motion. However, slow speed reverse motion would 
still be possible and this may be a preferred solution. If desired more complex linkages 
can be added and active steering via feedback control may be desirable at very high 
speeds. 

25 Switching 

In order to switch a vehicle employing a guidance mechanism according to this 
invention, it is necessary to be able to change the guidance force. This can be done by 
mechanical means, such as lowering a section of guideway so as to increase the air gap 
(and, thereby, decrease the magnetic restorative force). It would take very little motion 
30 to effect a major change in force, so the mechanical motion could be done in a fraction 
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of a second. However, it is preferable to perform the switching without moving parts. 
A preferred method is to add a mechanism that uses magnetic forces to control the 
direction of motion. 

Figure 8 shows one embodiment according to the invention for altering the 
5 guidance force via electromagnetic means. In this figure, a coil 32 is added to the 
guideway rail structure. Depending on the polarity of the current in this coil, the 
restorative forces between the guide plate and the guideway can be increased or 
decreased by increasing or decreasing the magnetic field in the gap. 

An alternate magnetic switching structure is shown in Figures 9A-9B. Here the 
10 switching is actuated by a pair of figure-8 coils that can cause the flux to switch 

between adjacent poles. Referring to Figure 9A, a vehicle entering the switch 33 from 
the left has a choice of continuing straight or turning right If coils 34, 35 of Figure 9B 
are energized with the current polarity shown in Fig. 9B, then poles 41, 43 will have 
higher magnetic fields than poles 40, 42 and the vehicle will turn right If the opposite 
15 current polarities are used, then the vehicle continue straight. Note that it is possible 
for the guidance rails to cross at 45 without major change in the guidance forces. 

Figure 9B shows how the mechanism of Figure 9A is installed on a guideway 
47 so as to control switching. In this Figure 9A each line is a pair of guidance rails; 
the running surface for the wheels is not shown. Before a guide plate-equipped vehicle 

20 enters the switch 33 in the left part of Figure 9A, and after the vehicle has passed 
through the switch, it is guided by two pairs of passive guidance rails, one on either 
side of the vehicle. For a vehicle moving from left to right in the drawing, it is 
desirable to be able to control direction so that the vehicle follows either the left 
guidance rails 48A or the right guidance rails 48B. This is accomplished by adding 

25 electromagnetic coils to the portions of the guidance rails that are drawn heavier in 

Figure 9B. If the vehicle is to be diverted to the right the force in guidance rails 48B 
is strengthened, the force in guidance rails 48A is weakened, and the vehicle moves to 
the right If it is desired to continue straight then the force in guidance rails 48 A is 
strengthened and the force in guidance rails 48B is weakened. 
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Once the vehicle passes through the switch 33 it is guided by passive guidance 
rails, but for a portion of the switch there is only one pair of rails guiding portions of 
the vehicle. However, the vehicle is usually longer than the missing portions of the 
guidance rails, so some of the guidance modules on the vehicle will have force from 
two pairs of guidance rails, and the system is designed to have sufficient force to 
insure reliable operation. Note that passive guidance rails can cross, as shown at 
position 45 in Figure 9A. Also, because this is a flat guidance system, it is possible for 
the wheels to cross the guidance rails without interference. One possibility is to use a 
stainless steel or titanium plate to cover the guidance rails in the crossing area so that 
the wheels have a smooth running surface and the covering plate does not interfere in a 
significant way with the magnetic fields; these materials are nonmagnetic and have 
relatively high resistivity so a thin plate is acceptable. 

If neither the left or right electromagnets are actuated the vehicle's inertia is 
large enough that the vehicle would follow the straight path. This provides a fail safe 
feature in the event of failure in the electromagnetic actuation system. 

The switch 33 Figure 9A can also be used to automatically merge two lanes of 
traffic into one. In this case streams of vehicles would be moving from right to left 
following either guide rails 48A or 48B. In this case there is no need to activate the 
switch electromagnets because both streams of vehicles will automatically end up 
following rails 48C. Of course it is still possible to activate the switching 
electromagnets if the added force is deemed to be desirable, but with a well designed 
system this should not be necessary, thereby providing fail safe operation. 

Guiding Objects Other Than Vehicles 

The guidance mechanisms described herein can be used to guide structures 
other than vehicles. Thus, for example, as described below they can be used to steer 
or guide a magnetically suspended vehicle or rotating structure. Figure 11 shows a 
flywheel with such a magnetic guidance structure at both the top and bottom. In mis 
case the vertical force associated with the guidance force is used to suspend the wheel 
in a nearly lossless manner. 
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Specifically, the drawing shows a flywheel 50 having guide plates 52 and 54 
integral to top and bottom rotating surfaces of the flywheel 50, as shown. The guide 
plates 52, 54 are preferably comprised of circular ferromagnetic or paramagnetic 
sections disposed concentrically to the surface of the flywheel 50 and centered about its 

5 axis of rotation 59. More particularly, the guide plates 52, 54 are constructed in the 
manner, e.g., of the guiderail 7 shown in Figure 5. Guideways 56, 58 are placed on 
inner surfaces of the cavity in which the flywheel 50 is disposed in opposing 
relationship to the guide plates 52, 54, as shown. The guideways 56, 58 preferably 
comprise structures constructed in the manner of the guide plate 1 shown in Figure 5, 

10 albeit configured in a circular section substantially mirroring in shape and pathway of 
guide plates 52, 54 when the flywheel is fully aligned. 

A vertical stabilizing system, not shown, counteracts the inherent instability of 
the magnetic suspension so as to make the flywheel stay in an equilibrium position that 
requires no steady state power. For operation in a gravitational filed that creates a 

15 downward force, the feedback control raises the wheel until it is nearer the upper 
guidance structure than the lower structure with a net upward magnetic force that 
exactly balances the gravitational force. It is possible to design a structure for which 
there is an equilibrium vertical position at a location that also allows enough radial 
guidance to keep the wheel centered: the equilibrium is stabilized by the feedback 

20 control system. In this case the magnetic guidance provides radial position control and 
replaces the shaft that would be used with a conventional bearing supported wheel. 

An analogous configuration can be used to guide a magnetically suspended 
vehicle. In this case the guidance is provided by linear guidance rails and it may be 
unnecessary to have a lower guidance structure of the type shown in Fig. 11. 

25 Although specific embodiments of the invention have been shown and 

described, it will be understood that other embodiments and modifications which will 
occur to those of ordinary skill in the art fall within the true spirit and scope of the 
invention as set forth in the appended claims. 
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1. A system for guidance of a vehicle, comprising 
aguideway, 

a guide plate for moving along the guideway, 

a magnetic field source for inducing an attractive magnetic force between the 
guide plate and at least a portion of the guideway in a vicinity of the guide 
plate, 

the magnetic force having at least a passive component that opposes lateral 
deviation of the guide plate from a direction of motion established by the 
guideway, even in the absence of relative motion by the guide plate in the 
direction of motion established by the guideway, and 

the guide plate being coupled to the vehicle for guiding a path of motion 
thereof. 

2. A system according to claim 1, wherein at least one of the guideway and guide 
plate comprises the magnetic field source, 

3. A system according to claim 1, wherein the magnetic field source comprises 
any of a permanent magnet and an electromagnet 

4. A system according to claim 3, wherein at least one of the guide plate and 
guideway comprise any of a permanent magnet, electromagnet, ferromagnetic 
material and paramagnet material. 

5. A system according to claim 1, wherein 

the guide plate comprises the magnetic field source, which includes any of a 
permanent magnet and electromagnet, and 
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the guideway comprises any of a ferromagnetic and paramagnetic material. 
6. A system for guidance and switching of a vehicle, comprising 
5 a first guideway, 

a second guideway that diverges from the first guideway, 

a guide plate for moving along any of the first and second guideways, 

10 

a magnetic field source for inducing a magnetic force between the guide plate 
and 

at least a portion of any of the first and second guideway in a vicinity of the 
guide plate, 

15 

the magnetic force having at least a passive component that opposes lateral 
deviation of the guide plate from a direction of motion established by a 
respective one of the first and second guideways in which the guide plate is in 
the vicinity, even in the absence of relative motion by the guide plate in the 
20 direction of motion established by the guideway, and 

the guide plate being coupled to the vehicle for guiding a path of motion 
thereof. 

25 7. A system according to claim 6, wherein the guide plate switches from moving 
along the first guideway to moving along the second guideway when magnetic 
force between the guide plate and the second guideway is greater than the 
magnetic force between the guide plate and the first guideway. 

30 8. A system according to claim 7, wherein the second guideway comprises an 
electromagnet for selectively inducing a greater magnetic force between the 
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guide plate and at least a portion of the second guideway than the magnetic 
force between the guide plate and the first guideway. 

9. A system according to claim 7, wherein at least one of the first and second 
guideways is moved to induce a greater magnetic force between the guide plate 
and at least a portion of the second guideway than the magnetic force between 
the guide plate and the first guideway. 

10. A system for conveyance, comprising 

a vehicle with a steering mechanism that determines a direction of motion of 
the vehicle, 

a guideway, 

a guide plate for moving along the guideway, 

a magnetic field source for inducing a magnetic force between the guide plate 
and at least a portion of the guideway in a vicinity of the guide plate, 

the magnetic force having at least a passive component that opposes lateral 
deviation of the guide plate from a direction of motion established by the 
guideway, even in the absence of relative motion by the guide plate in the 
direction of motion established by the guideway, and 

the guide plate being coupled to the steering mechanism to direct motion of the 
vehicle as a function of motion of the guide plate along the guideway. 

11. A system according to claim 10, wherein 

the vehicle comprises one or more wheels, and 
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the steering mechanism angles the wheels in order to at least partially determine 
a direction of motion of the vehicle. 

12. A system according to claim 10, wherein the steering mechanism comprises a 
pivot, and wherein the guide plate is coupled to the steering mechanism for 
rotating the pivot in response to lateral deviation of the guide plate from the 
direction of motion of the guideway. 

13. A system for guidance of a vehicle, comprising 
a guideway, 

a guide plate that moves along the guideway and that is coupled to the vehicle 
for guiding a path of motion thereof 

the guide plate and guideway having poles that are disposed in opposing 
physical relationship to one another and that are of opposing magnet polarities 
to one another, and 

the opposing poles of the guide plate and guideway giving rise to a magnetic 
force the magnetic force having at least a passive component that opposes 
lateral deviation of the guide plate from a direction of motion established by the 
guideway, even in the absence of relative motion by the guide plate in the 
direction of motion established by the guideway. 

14. A system according to claim 13, wherein at least one of the guideway and 
guide plate comprises the magnetic field source. 

15. A system according to claim 14, wherein the magnetic field source comprises 
any of a permanent magnet and an electromagnet 
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16. A system according to claim 14, wherein a magnetic flux between the poles of 
guideway and guide plate is focussed. 

17. A system according to claim 16, wherein the poles of at least one of the 
guideway and guide plate comprise tips of any of a ferromagnetic material and 
a paramagnetic material for focussing the magnetic flux. 

18. A system for guidance of a vehicle, comprising 
a guideway, 

a guide plate that moves along the guideway and that is coupled to the vehicle 
for guiding a path of motion thereof, 

each of the guideway and the guide plate comprising a pair of poles of 
opposing magnetic polarities to one another, 

each of the poles of the guide plate being disposed in opposing physical 
relationship to a corresponding pole of the pair of poles of the guideway and 
being of opposite polarity to that corresponding pole, 

the opposing poles of the guide plate and guideway giving rise to magnetic 
forces that have at least a passive component that opposes lateral deviation of 
the guide plate from a direction of motion established by the guideway, even in 
the absence of relative motion by the guide plate in the direction of motion 
established by the guideway. 

19. A system according to claim 18, wherein a spacing between the poles of the 
guide plate differs from a spacing between the corresponding poles of the 
guideway. 
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20. A system according to claim 19, wherein the spacing between the poles of the 
guide plate differs from a spacing between the corresponding poles of the 
guideway. 

21 . A system for guidance of a vehicle, comprising 
a guideway, 

a guide plate that moves along the guideway and that is coupled to the vehicle 
for guiding a path of motion thereof, 

each of the guideway and the guide plate comprising a pair of poles of 
opposing magnetic polarities to one another, 

the guide plate comprising a pair of magnetic field sources, one pole of each of 
which comprises a pole of the guide plate, 

each of the poles of the guide plate being disposed in opposing physical 
relationship to a corresponding pole of the pair of poles of the guideway and 
being of opposite polarity to that corresponding pole, 

the opposing poles of the guide plate and guideway giving rise to magnetic 
forces that have at least a passive component that opposes lateral deviation of 
the guide plate from a direction of motion established by the guideway, even in 
the absence of relative motion by the guide plate in the direction of motion 
established by the guideway. 

22. A system according to claim 21, wherein at least one of the magnetic field 
sources comprises any of a permanent magnet and an electromagnet 

23. A system according to claim 22, wherein the poles of the guide plate comprise 
tips of any of a ferromagnetic material and a paramagnetic material for 
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focussing a magnetic flux between those poles and the corresponding poles of 
the guideway. 

24. A system according to claim 22, comprising any of a ferromagnetic and 
paramagnetic material for magnetically coupling those poles of the magnetic 
field sources that do not comprise a pole of the guide plate. 

25. A system according to claim 21, wherein the guideway comprises any of a 
ferromagnetic and paramagnetic material. 

26. A system according to claim 25, wherein the poles of the guideway comprise 
any of ferromagnetic and paramagnetic members having ends disposed in 
opposing physical relationship to the corresponding poles of the guide plate. 

27. A system according to claim 26, wherein a cross-section of those members is 
decreased at the ends disposed in opposing physical relationship to the 
corresponding poles of the guide plate. 

28. A system according to claim 21, wherein the guideway comprises a laminate of 
any of a ferromagnetic and paramagnetic material. 

29. A system according to claim 28, wherein the laminate is formed with a pair of 
members having ends disposed in opposing physical relationship to the 
corresponding poles of the guide plate, wherein a cross-section of those 
members is decreased at the ends disposed in opposing physical relationship to 
the corresponding poles of the guide plate 

30. A system for guidance of an object, comprising 
a guideway, 

a guide plate for moving along the guideway, 
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a magnetic field source for inducing an attractive magnetic force between the 
guide plate and at least a portion of the guideway in a vicinity of the guide 
plate, 

the magnetic force having at least a passive component that opposes lateral 
deviation of the guide plate from a direction of motion established by the 
guideway, even in the absence of relative motion by the guide plate in the 
direction of motion established by the guideway, and 

the guide plate being coupled to the vehicle for positioning thereof. 

31. A system according to claim 30, wherein at least one of the guideway and 
guide plate comprises the magnetic field source. 

32. A system according to claim 30, wherein the magnetic field source comprises 
any of a permanent magnet and an electromagnet 

33. A system according to claim 32, wherein at least one of the guide plate and 
guideway comprise any of a permanent magnet, electromagnet, ferromagnetic 
material and paramagnet material. 

34. A system according to claim 30, wherein the object is a flywheel. 

35. A flywheel system comprising, 

a guideway defining a substantially circular path, 

a flywheel having mounted thereon a guide plate for moving along the 
guideway, 
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a magnetic field source for inducing an attractive magnetic force between the 
guide plate and at least a portion of the guideway in a vicinity of the guide 
plate, 

the magnetic force having at least a passive component that opposes lateral 
5 deviation of the guide plate from a direction of motion established by the 

guideway, even in the absence of relative motion by the guide plate in the 
direction of motion established by the guideway. 

36. A system according to claim 35, wherein at least one of the guideway and 
10 guide plate comprises the magnetic field source. 

37. A system according to claim 35, wherein the magnetic field source comprises 
any of a permanent magnet and an electromagnet. 

15 38. A system according to claim 37, wherein at least one of the guide plate and 
guideway comprise any of a permanent magnet, electromagnet, ferromagnetic 
material and paramagnet material. 

39. A system according to claim 35, wherein the guideway is mounted in a housing 
20 in which the flywheel is disposed and in opposing relationship to the guide 

plate. 
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or paramagnetic material, ix., a material that forms a temporary magnet in the presence of the magnetic field of the source. Thus, for 
example, one aspect of the invention provides a system of vehicle guidance in which the guide plate (108) comprises an arrangement of 
permanent magnets that slide over a ferromagnetic, e.g., steel, guideway rail. 


•(Referred to in PCT Gazette No. 09/2000, Section D) 


FOR THE PURPOSES OF INFORMATION ONLY 


Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT, 


AL 

Albion 

ES 

Spain 

LS 

Lesotho 

SI 

Slovenia 

AM 

Armenia 

FI 

Finland 

LT 

Lithuania 

SK 

Slovakia 

AT 

Austria 

FR 

Fnmce 

LU 

Luxembourg 

SN 

Senegal 

AU 

Australia 

GA 

Gabon 

LV 

Latvia 

sz 

Swaziland 

AZ 

Azerbaijan 

GB 

United Kingdom 

MC 

Monaco 

TD 

Chad 

BA 

Bosnia and Herzegovina 

GS 

Georgia 

MD 

Republic of Moldova 

TG 

Togo 

BB 

Barbados 

GH 

Ghana 

MG 

Madagascar 

TJ 

TajOctaan 

BE 

Belgium 

GN 

Guinea 

MK 

The former Yugoslav 

TM 

Turtaneruitin 

BF 

Burkina Paso 

GR 

Greece 


Republic of Macedonia 

TO 

Turkey 

BG 

Bulgaria 

HU 

Hungary 

ML 

Mali 

TT 

Trinidad and Tobago 

BJ 

Benin 

IE 

Ireland 

MN 

Mongolia 

UA 

Ukraine 


Brazil 

IL 

Israel 

MR 

Mauritania 

UG 

Uganda 

BY 

Belarus 

IS 


MW 

Malawi 

US 

United States of America 

CA 

Canada 

IT 

Italy 

MX 

Mexico 

uz 

Uzbekistan 

CF 

Central African RepubBc 

JP 

Japan 

NE 

Niger 

VN 

Viet Nam 

CG 

Congo 
Switzerland 

KE 

Kenya 

NL 

ncuienanus 

YU 

Yugosiavia 

CH 

KG 

Kyrgyzatan 

NO 

Norway 

ZW 

Zimbabwe 

a 

Cotcd'Ivofcc 

KP 

Democratic People's 

NZ 

New Zealand 



CM 



Republic of Korea 

PL 

Poland 



CN 

China 

KR 

Republic of Korea 

PT 

Portugal 



cu 

Cuba 

KZ 

Kazakstan 

RO 

Romania 



cz 

Czech Republic 

LC 

Saint Lucia 

RU 

Russian Federation 



DE 

Germany 

U 

Liechtenstein 

SD 

Sudan 



DK 

Denmark 

LK 

Sri Lanka 

SE 

Sweden 



BB 

Estonia 

LR 

Liberia 

SG 

Singapore 




WO 99/33691 


PCTYUS98/27401 


Vehicle Guidance and Switching via Magnetic Forces 

5 Background of the Invention 

This invention pertains to vehicular transport and, more particularly, to methods 
and apparatus for the guidance and switching of vehicles. 

Vehicle guidance is an important part of any transportation system and for 
centuries a sequence of new schemes have been devised to guide or steer a vehicle. For 

10 example, conventional railroads use conical wheels and a solid axle to provide 
guidance, while a flange on the wheel provides backup guidance in case an 
exceptionally strong force is required Automobiles use steered wheels which depend 
upon traction with a road to provide guidance. Air cushion vehicles use air pressure for 
both vertical suspension and horizontal guidance. Magnet levitation (maglev) vehicles 

15 utilize magnetic forces for both suspension and guidance. Some transportation systems 
use rubber tired wheels for suspension with additional guidance wheels that interact 
with special guidance rails to control the direction of vehicle travel. Some of the more 
recent patents on these and related topics are: United States Patent Nos. 3,628,462; 
3,768,417; 3,858,521; 3,927,735; 4,061,089; 4,522,128; and 5,277,124. 

20 All guidance systems must have means to choose between alternate directions 

of travel. Automobiles use steered wheels to control lateral motion, a method that 
works well when traction is good but works poorly in wet or icy conditions when 
traction is bad. Conventional trains use switches with mechanically movable rails, a 
system that works well in some applications but takes several seconds to activate and is 

25 prone to maintenance problems. Magnetic or air cushion suspended vehicles use 

switches that require motion of large sections of a guideway. Accordingly, these latter 
systems have the same disadvantages as trains, in addition to high cost Although the 
art has additionally proposed certain uses of magnetic forces to guide magnetically 
suspended vehicles (e.g., as described in United States Patent Nos. 3,768,417; 3,858,52 

30 and 3,927,735), these generally do not have broad application. 

In order to allow vehicles to operate with headways of 1 second or less, 
systems for automated material handling or personal rapid transit have used lateral 
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guidance wheels with mechanically movable parts on the vehicle to initiate switching; 
this is exemplified in United States Patent Nos. 4,061,089; 4,522,128; 5,277,124. These 
systems all depend upon movable wheels that engage either a left or a right guidance 
rail according to the preferred direction of travel. These guidance and switching means 
tend to cause substantial mechanical drag forces and, require considerable maintenance. 

Since all guidance systems have both strengths and weaknesses, there has been 
a continual search for new methods of achieving guidance. 

In view of the foregoing, an object of the invention is to provide improved 
methods and apparatus for vehicle guidance and switching. A more particular object 
of the invention is to provide such methods and apparatus as can be applied to all types 
of vehicles, regardless of the mechanisms by which they are suspended and/or steered. 

A further object of the invention is to provide such methods and apparatus as 
can be applied to guidance of wheeled "road" vehicles, such as automobiles, buses and 
trucks. A related object is to provide such methods and apparatus for "track" vehicles, 
such as trains, trolleys, personal rapid transits vehicles and baggage-carrying vehicles. 

A still further object of the invention is to provide such methods and apparatus 
as require few, if any, moveable mechanical guidance components and, therefore, 
which can be applied in low headway applications, such as personal rapid transit. 

Yet still another object of the invention is to provide such methods and 
apparatus as can be utilized to guide and switch vehicles on friction, as well non- 
friction, surfaces. 

These and other objects of the invention are evident in the drawings and in the 
description that follows. 

Summary of the Invention 

The foregoing objects are among those attained by the invention, which 
provides methods and apparatus for guiding and/or switching vehicles and other objects 
by magnetically guiding a guide plate, e.g., attached to the vehicle or coupled to its 
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steering systems, over a guideway. 

More particularly, one aspect of the invention provides a system for vehicle 
guidance including a guideway, a guide plate that moves along the guideway, and a 
magnetic field source that induces an attractive magnetic force between the guide plate 

5 and at least a portion of the guideway over, under or otherwise near the guide plate. 
The magnetic force has at least a passive component that opposes lateral deviation of 
the guide plate from a direction of motion defined by the guideway. That passive 
component is exerted without the need for feedback or other control and even in the 
absence of motion by the guide plate in the direction of motion established by the 

10 guideway. Thus, for example, the magnetic force opposes lateral deviation from the 
guidepath, regardless of whether the guide plate (and the vehicle to which it is 
attached) are moving, e.g., at 0.5 or 500 miles per hour. Moreover, no additional 
power is required to produce that passive component (apart from the nominal power 
requirements of an electromagnet included in the guideway or guide plate). 

15 The magnetic field source is a permanent magnet, an electromagnet (including a 

superconducting magnet) or any other known magnetic field source. It may be 
included in, or form part o£ the guide plate - though it can be included in, or form 
part of, the guideway itself. The guide rail preferably comprises a ferromagnetic or 
paramagnetic material, i.e., a material that attains magnetic properties in the presence 

20 of the magnetic field of the source. Thus, for example, one aspect of the invention 
provides a system of vehicle guidance in which a vehicle-mounted guide plate 
comprises an arrangement of permanent magnets that move over a ferromagnetic, e.g., 
steel, guideway rail. 

In alternate aspects of the invention, it is the guideway that incorporates a 
25 magnetic field source, while the guide plate incorporates a ferromagnetic or 
paramagnetic material. Thus, for example, the guide plate can comprise a 
ferromagnetic or paramagnetic material that moves over a permanent magnet, 
electromagnet or other magnetic field source in the rails. In still other aspects, both 
the guideway and guide plate incoiporate magnetic field sources, e.g., permanent or 
30 electromagnets. 
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According to one aspect of the invention, the guide plate is attached or 
otherwise coupled directly to the vehicle. As the vehicle deviates laterally from the 
path defined by the guideway, the guide plate does likewise. The restorative force 
induced by the magnetic field to correct the path of the guide plate is likewise 
5 transmitted to the vehicle, via its coupling to the guide plate, thus correcting the path 
of the vehicle, as well. 

Related aspects of the invention are particularly suited to guidance of steered 
vehicles. Here, the guide plate is coupled to the steering mechanism, as well as - or in 
lieu of - the vehicle itself. According to this aspect of the invention, as the guide plate 

10 deviates from the path defined by the guideway, a corrective force is coupled to the 

steering mechanism (as well as to the vehicle itself) to facilitate redirection. Thus, for 
example, a guide plate can be affixed to a pin, gear, or other such structure on which 
the wheels of a vehicle pivot. If these magnets begin to fall out of line with the 
guideway path, the corrective force pivots the pin, gear, or other such structure, 

15 thereby causing the wheels to pivot and the vehicle to realign with the guidepath. 

Further aspects of the invention provide a system as described above which 
additionally provides for vehicle switching. Such a system includes, in addition to the 
elements mentioned above, a second guideway that diverges from the first As the 
moving guide plate crosses the point of divergence, or "switching" point, it follows the 
20 second guideway, e.g., if the magnetic force between it and the plate is greater than the 
magnetic force between the first guideway and the plate. Otherwise (depending on the 
geometry of the divergence point and on inertia), the guide plate simply continues to 
follow the first guideway. 

In related aspects of the invention, the relative magnetic forces exerted by the 
25 first and second guideways on the guide plate are controlled by selectively boosting (or 
attenuating) the magnetic field associated with either of the guideways, e.g., using an 
electromagnet or using mechanical means to raise (or lower) either of the guideways 
and, thereby, to increase (or decrease) the respective magnetic force. 

Still further aspects of the invention provide systems of the type described 
30 above in which the guide plate and guideway have magnetic poles that are disposed in 
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opposing physical relationship to one another and that are of opposing magnet 
polarities. 

The poles can be inherent in the materials selected for the components, e.g., as 
in the case of a guide plate that is formed from a permanent magnet or that includes an 
electromagnet Alternatively, they can be induced in the components, e.g., as in the 
case of a guideway includes ferromagnetic or paramagnetic materials under the 
influence of a magnetic field. 

In related aspects of the invention, the opposing poles of the guide plate and 
guideway do not physically touch but, instead, are separated by a small gap, e.g., of air 
or other gas, fluid, or particulate matter that does not unduly attenuate the magnetic 
flux or restrict movement of the guide plate with respect to the guideway. 

The magnetic field flux passing between the opposing poles is focussed, in 
accord with further aspects of the invention, to minimize flux leakage and maximize 
the lateral corrective forces between the plate and guideway. This can be 
accomplished by providing ferromagnetic or paramagnetic tips, e.g., on permanent 
magnets forming the poles of the guide plate. 

Related aspects of the invention provide a system as described above in which 
the guide plate has a pair of poles that are disposed in physically opposing relationship 
to, and of opposite polarity from, a corresponding pair of poles on the guide way. 
According to this aspect of the invention, the poles on the guide plate are of opposite 
polarity from one another. Thus, for example, two poles on a guide plate can be 
formed from respective permanent magnets, one having its "north" pole facing the 
guideway, the other having its "south" pole facing the guideway. 

Still further related aspects of the invention provide systems as described above 
in which the spacing between the paired poles of the guide plate differs from that of 
the corresponding paired poles of the guideway. According to one preferred aspect of 
the invention, for example, the spacing between the poles of the guide plate is slightly 
greater than a spacing between the corresponding poles of the guideway. Such 
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spacings can enhance the restorative magnetic forces between the guide plate and the 
guideway. 

In instances where the poles of the guide plate or guideway are formed from 
magnetic field sources, e.g., permanent magnets, further aspects of the invention 
provide for inclusion of a ferromagnetic material or paramagnetic material between 
those poles of the magnets that do not comprise a pole of the guide plate. Thus, for 
example, where the north and south poles, respectively, of two permanent magnets 
form the poles of a guide plate, the south and north poles, respectively, of those 
magnets can be magnetically coupled by steel or iron, e.g., to close a flux loop and, 
thereby, enhance magnetic field strength. 

Still other aspects of the invention provide systems of the type described above 
in which the guide plate comprises a magnetic field source and in which the guideway 
comprises a ferromagnetic or paramagnetic material with poles formed from ends 
disposed in opposing physical relationship to the corresponding poles of the guide 
plate. The guideway, for example, can be formed in a U-shaped channel from a solid 
ferromagnetic strip or, preferably, from a laminated strip, e.g., to minimize eddy 
currents. In further embodiments, the poles can have cross-sections that decrease at 
those ends which are disposed in opposing physical relationship to the corresponding 
poles of the guide plate. 

Yet still other aspects of the invention provide systems of the types described 
above for guidance of objects other than vehicles. In one such aspect, the invention 
provides a shaflless flywheel, e.g., for energy storage, wherein a guide plate and 
guideway are used to maintain alignment of the wheel. The guide plate comprises, for 
example, a circular length of paramagnetic or ferromagnetic material that is mounted 
on the flywheel. A circular rail comprising a permanent magnet, electromagnet or 
other magnetic field source is mounted on an opposing surface of the housing in which 
the flywheel rotates. When the wheel is fully aligned, no net lateral magnetic forces 
are exerted between the guide plate and rail. However, should the wheel begin to 
precess or otherwise deviate from alignment, a lateral force between the guide plate 
and rail tends to realign the flywheel. In related aspects, the magnets on the guide 
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plate are arranged so as to provide a force for at least partially suspending the 
flywheel, e.g., against the force of gravity. 

Yet still other aspects of the invention comprise methods for guiding a vehicle 
that parallel the operation of the systems described above. 

5 Systems constructed in accord the invention have numerous advantages over the 

prior art. For example, since the corrective force effected by the magnetic field 
between the guide plate and guideway does not depend on friction, reliable guidance 
can be accomplished without physical contact, or when there is insufficient friction to 
provide guidance, such as an automobile on an icy road. Moreover, such systems can 

10 be constructed without any movable parts on either the vehicle (or other object) or the 
guideway and, thus, can be readily applied to applications requiring low headway. 

The foregoing and other aspects of the invention are evident in the drawings 
and in the description that follows: 

Brief Description of the Drawings 

15 A more complete understanding of the invention may be attained by reference 

to the drawings, in which: 

Figure 1 depicts a vehicle guidance system according to the invention; 

Figure 2 depicts a guide plate and guideway used to induce a corrective 
magnetic guidance force in a system according to the invention; 

20 Figure 3 illustrates the corrective magnetic forces induced in the guide plate and 

guideway of Figure 2 when the guide plate strays laterally from equilibrium, i.e., from 
the pathway defined by the guideway; 

Figure 4 illustrates the corrective forces produced in the directions of the x- and 
y-axes as a function of lateral displacement for a guide plate and guideway of the type 
25 shown in Figure 2; 
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Figure 5 depicts alternative structures and arrangements of the guide plate and 
guideway of Figure 2; 

Figure 6 illustrates magnetic flux lines between and within the guide plate and 
the guideway in the embodiment shown in Figure 5; 

5 Figures 7A and 7B illustrate a mechanism for coupling guide plates to the 

steering mechanism, to wit, the pivotable wheels of a vehicle, in a system according to 
the invention; 

Figure 8 depicts the use of electromagnetic coils in a guideway to vary the 
magnetic force between it and a guide plate in a system for vehicle guidance and 
10 switching according to the invention; 

Figures 9A-9B illustrate an alternate embodiment of the invention in which a 
pair of guideways provide for switching of a vehicle; and 

Figure 10 depicts a mechanism according to the invention for controlling the 
radial position of a flywheel 

15 Detailed Description of the Illustrated Embodiment 
Introduction 

As shown in the drawings and discussed below, the invention utilizes magnetic 
forces for guiding vehicles (and other objects) in motion on a guideway and/or for 
diverting or merging vehicles at switch points on the guideway. The guidance is 

20 achieved by the interaction of magnetic field produced by the guide plate - or, in the 

illustrated embodiment, by the vehicle itself (to which the guide plate is affixed) - with 
ferromagnetic strips running the length of the guideway. Although it can be 
supplemented with feedback-based or other active components, the magnetic guidance 
provided by the invention can be entirely passive. Thus, for example, the restorative 

25 force between the guideway and the guide plate can be exerted without control 

circuitry that might otherwise serve to increase (e.g., the magnetic field) and regardless 
of the relative speed of the plate along the pathway defined by the guideway. 
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One factor in various ones of the illustrated embodiments to achieving passive 
guidance utilizing magnetic forces is to have a magnetic field on the vehicle that is 
focused into a small region above relatively narrow ferromagnetic rails on the 
guideway. There can be any number of rails, but one to four will suffice for many 

5 group rapid transit, personal rapid transit and material handling applications. Such 
guidance rails will typically be paired so as to provide a round trip path for the 
vehicle's magnetic flux through the guideway rails and back to the vehicle. This 
efficient magnetic structure allows modest sized vehicle magnets and guideway rails to 
produce strong magnetic forces. The interaction of the magnets with the rails can 

10 provide sufficient lateral forces on the vehicle to keep the vehicle from leaving the 
guideway on turns and when it is subjected to external forces. 

A guidance system must be able to steer vehicles into one of two or more paths 
on diverging guideways and also be able to merge vehicles that are converging from 
different directions. When mechanical guidance is used this entails the use of 

15 mechanically movable parts on either the vehicle or the guideway. With magnetic 
guidance switching can be accomplished without any moving parts. As discussed 
below, in certain embodiments of the invention electromagnets are located on the 
guideway at switch points and they produce magnetic fields that can be rapidly 
changed to allow closely spaced vehicles to merge or diverge without risk that 

20 mechanical failure will produce accidents. Such switches can be designed to be fail 
safe so that if the switching magnets fail the vehicles will merge safely at points of 
merger or continue straight at points of diversion. 

Guidance 

Figure 1 illustrates a wheeled vehicle constructed in accord with the invention. 

25 The vehicle 100 comprises a chassis and body 104 for holding persons, cargo or other 
materials to be transported. Although the illustrated body 104 is a platform, those 
skilled in the art will appreciate that other person- or cargo-carrying configurations can 
be utilized as well. The illustrated vehicle 100 is "suspended" by wheels or coasters 
106 which roll over a surface including guideways 110, as shown. The surface can be 

30 a roadway, floor, rails or other surface(s) suitable for supporting the wheels 106 and 
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vehicle 100. Those skilled in the art will appreciate that the invention can be applied 
to non- wheeled vehicles, as well. Thus, for example, suspension can be provided by 
an air cushion (e.g., over land or water), by fluid "lift" (e.g., as in the case of an 
airplane or helicopter), by magnetic levitation, or otherwise. Propulsion for vehicle 
100 can be provided by any known propulsion source, e.g., motorized wheels (e.g., as 
in the case of an automobile), force from an external source (e.g., as in the case of 
railroad cars), gravity (e.g., as in the case of a rollercoaster), and linear motor (e.g., as 
in the case of a magnetically propelled vehicle). 

Guide plates 108 are coupled to vehicle 100 and, optionally, to its steering 
mechanism, to guide its motor along guideways 110. Though only a single guide plate 
and guideway need be provided, the illustrated vehicle 100 is guided by four fore-and- 
aft guide plates that travel over two guideways 110, as shown. Among the components 
of a guidance system used in practice of the illustrated embodiment are a source of 
magnetic field on guide plates 108, e.g., attached to the vehicle 100, and ferromagnetic 
rails on the guideways. Though the guide plates 108 (and their accompanying 
magnets) are shown on the outside of the wheels, they could be on the inside as well. 
In this example the wheels 106 are designed to have low friction with the running rails 
and do not contribute to the steering. 

Figure 2 is a cross section view of a guide plate 1 and guideway 7 
(corresponding to elements 108 and 110 of Figure 1) according to one practice of the 
invention. In this embodiment, the guide plate 1 has two rows of permanent magnets 
2 running longitudinally in the direction of vehicle travel, as defined by the guideway 
7 and, particularly by its rails 6. That direction of travel is indicated by axis z. The 
magnets of the guide plate can be magnetized as shown with N designating a north 
pole and S designating a south pole. The magnets 2 produce a strong magnetic field in 
narrow regions 4, e.g., air gaps between the rows of permanent magnets 2 and the 
ferromagnetic rails 6 on the guideway 7. The permanent magnets 2 are connected by a 
ferromagnetic member 8, while the two guideway rails 6 are connected by a similar 
member 9 so as to complete a magnetic circuit and allow magnetic flux to circulate 
from one row of the vehicle magnets 2 through the guideway rails 6 and back to the 
other row of vehicle magnets 2. 
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In Figure 2 the magnetic forces 5 arising between the guide plate I and 
guideway 7 are indicated by arrows. In the equilibrium or centered position shown in 
Figure 2, there is no net lateral force 5 between the guide plate and the guideway, i.e., 
no net force along an axis x perpendicular to the direction of motion defined by the 
5 guideway 7. The only net force is a downward force along axis y attracting the 

vehicle to the guideway. In this condition, the vehicle is in a state of equilibrium with 
respect to lateral motion. If the guide plate 1 moves laterally, i.e., to one side of the 
center of the guideway 7, such as shown in Figure 3, then there is still both downward 
force, but now there is a net lateral force 5 to one side. In short, the magnets 2 and 
10 ferromagnetic rails 6 have created a centering force that tends to push the vehicle 
towards the centered (or other equilibrium) position shown in Figure 2. 

Figure 4 shows typical plots of F x and F y as functions of the lateral 
displacement jc, of the guide plate from the centerline 12 (or other equilibrium 
position) of the guideway. In Figure 4 the forces are normalized so the downward 

15 force has unit magnitude and one unit of distance in the x direction is equal to the 
width of the poles, which is assumed to be approximately equal to the length of the 
gap 4 between magnets 2 and guideway rails 6. In a typical design the maximum 
downward vertical force is about 4 times larger than the maximum lateral force. Near 
equilibrium the magnetic force acts exactly as though there were symmetrically located 

20 springs between the sides of the guide plate and the guideway. In the equilibrium 
position there is no net spring force, but when the guide plate deviates from the 
equilibrium position there is a spring-like restoring force. For small displacements the 
spring force is proportional to the displacement from equilibrium, similar to the 
behavior of a conventional mechanical springs; this is indicated by the linear relation 

25 between F x and x near x = 0 in Figure 3. This "magnetic spring" plays a significant 
role in guidance. 

The Guide Plate and Guideway 

The structures shown in Fig. 2, using commercially available permanent 
magnets 2, produce usable flux on the order of 0.6 Tesla. Figure 5 depicts an 
30 embodiment that concentrates the flux in the gap region 4 and, thereby, achieves higher 
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performance. In this embodiment, high permeability pole tips 13 are mounted below 
the permanent magnets 2 so as to cause the flux in the air gap 4 to be about 3 times as 
great as it would be without the poles tips. Since the guidance force varies as the 
square of the flux density in the gap, this produces a significantly higher guidance 
force for a given weight and cost of the magnetic structure. Of course, those skilled in 
the art will appreciate that gap 4 (as illustrated here and throughout) need not be filled 
with air but, rather, can contain any other fluid or medium that does not unduly 
attenuate the magnetic flux and that does not unduly restrict movement of the guide 
plate relative to the guideway. 

Another improvement shown in Figure 5 is the lamination of the ferromagnetic 
guideway rails. The guideway 7 is constructed from laminated steel (or other 
ferromagnetic or paramagnetic) strips so as to minimize drag forces produced by eddy 
currents in the guidance rails 6. The lamination also prevents the loss of guidance at 
high speeds due to repulsive forces created by eddy currents in the guidance rails. In 
some cases this lamination may be unnecessary, such as when the maximum 
operational speed is relatively slow or the guidance rails are relatively narrow. In some 
cases, such as shown in Figure 5, it is preferable to provide more laminations in the 
lower or base portion of guideway 7 than in the upper or rail portions. This minimizes 
problems with magnetic saturation where the magnetic fields are the strongest 

Another feature of the design in Figure 5 is the slight offset of the guide plate 
poles 13 relative to the opposing poles 14 of the guideway rails 6. This accomplishes 
two goals: it reduces the leakage flux between the two rows of vehicle magnets 2 and 
it decreases the downward attractive force between the guide plate 1 and the rails 6. 
The guidance force is reduced less than vertical force is reduced, so the ratio of the 
two forces is reduced and the magnitude of the ratio of F y to F x can be reduced to 4 or 
even slightly less. If reduced downward force is not required, then the poles 13, 14 can 
be aligned. 

Figure 6 shows a magnetic flux plot is for a preferred arrangement of a guide 
plate and guideways. A preferred choice is to make the pole tips 13 approximately the 
same width as the air gap 4 length, and to concentrate the flux enough to provide 
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nearly saturation flux in a guideway rails 6. The force plots shown in Figure 6 were 
computed for a configuration as described below. For purposes of the illustration, the 
magnets 2 are Neodymium-iron-boron, which provide a working flux density in the 
permanent magnets of about 0.5 Tesla. Assuming steel guidance rails 6 on the 
5 guideway 7, a good design value of peak air gap flux is 1.5 Tesla. Hence the pole tips 
13 are designed to concentrate the permanent magnet flux by about a factor of 3, 
Since the peak field is not at the pole tips, the actual flux density in the pole tips is 
only about 1 Tesla. 

To further understand the foregoing, it will be appreciated that the attractive 
10 force on a ferromagnetic surface is given by: 

F = B?f2\i per unit area 

For B = 1 Tesla, F - 0.397910 6 N/m 2 « 58.8 psi 

To a first approximation we can assume that this is the force per unit area on 
the guide plate pole tips 13. For this example assume that the pole tip flux is 1 Tesla 

15 and each of a pair of guidance rails is 2 mm wide; then the vertical force is F y = -4 • 
1* . o.4 = -1.6 N per mm of length of the pair of guidance rails. The maximum 
guidance force is then about F x - 0.25 \F y \ = 0.4 N per mm of length. If a vehicle has 
4 guidance modules, each 100 mm long, then the maximum guidance force on the 
vehicle is about 160 N =» 36 pounds. The downward vertical force is 4 times the peak 

20 guidance force, or about 144 pounds. If all of the dimensions were doubled, then the 
areas would increase by a factor of 4 and the flux density would stay constant, so the 
force would be 4 times as large. If the air gap length is about the same as the pole 
width, then the peak guidance force will occur when the vehicle displacement from the 
centerline is a little more than the air gap length and the shape of the force 

25 displacement curve will be similar to that shown in Figure 4. 

Parameters in this design can be changed in ways that will be evident to those 
skilled in the art of designing permanent magnet structures. The details of the design 
might depend on whether the main effort is to: reduce cost of the vehicle guidance 
components, reduce cost of the guideway rails, reduce vehicle weight, reduce 
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downward force, etc. As will be appreciated, a system according to the invention can 
achieve enough force, and a force which changes rapidly enough with lateral 
displacement, to reliably guide a variety of vehicles. 

Steering Wheeled Vehicles 

For wheeled vehicles it is critical to arrange for the wheels to be steered in the 
right direction in a stable manner. The simplest approach is to lock the wheels in a 
fore-and-aft position and use wheels that have relatively low friction with the guideway 
so that the magnetic forces can force the vehicle to follow the guideway, even when 
some amount of dragging is necessary. While simple, this method produces scrubbing 
action of the wheels on the guideway when turning corners and is not a recommended 
approach except on straight guideways. 

Another solution for small vehicles is to use castors and let the castors pivot so 
as to trail the direction of motion. If operation is restricted to a single direction, then 
the castors do not have to pivot very much and this is a good solution. If two 
directions of travel are required, then the guideway running surface must be widened 
everywhere that the vehicle is required to be able to switch directions so that the 
castors can pivot as needed. 

Still another method of steering a wheeled vehicle is to couple the guide plate 
directly to pivotable wheels so that they are always pointed in the correct direction. 
The design problem is to find a way to do this that is simple and reliable and allows 
stable operation in both directions. An approach according to one practice of the 
invention is shown in Figs. 7A and 7B, which show front and side views, respectively, 
of a wheeled steering mechanism 18 configured according to the invention for steering 
a vehicle (not shown). 

As shown in Figures 7A-7B, the wheel 18 is equipped with four guidance 
magnets 20A-20D, one at each corner of steering mechanism 18 structure that pivots 
on a vertical axle 21. The magnets 20A-20D are rigidly attached to a bearing which 
supports an axle 24 of a wheel 22 which is centered in pivoting structure 18. The 
guidance magnets 20A-20D have field focusing poles 26 which produce strong 
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guidance forces that tend to align the magnets with the laminated guidance rails 28 in 
the guideway, as described above. In Fig. 7 the guideway 30 is a box beam having a 
substantially non-magnetic core supporting the guidance rails 28 in place, though other 
support structures are possible. Preferably that the wheel 22 does not have 
5 ferromagnetic parts that adversely affect the magnetic guidance. 

The magnetic guidance system of Figs. 7A-7B use vertical guidance rails 28 
without a ferromagnetic element to carry the return flux. In this design, the return flux 
is carried longitudinally in the guidance rails 28 between the fore and aft guidance 
magnets 20A-20D. This approach may produce somewhat higher eddy current loss in 

10 the guidance rails 28, but these losses are not normally very high and there may be an 
offsetting cost advantage and, if necessary, thinner laminations can be used. Of course, 
a lateral return flux path can also be utilized, e.g., of the type shown in Fig. 5. If 
magnetic switching is to be used, then it is imperative to use a lateral return flux path 
and the magnetic flux directions should be the same on one side of the wheel and 

15 opposite to that on the other side. 

It will be evident to those skilled in the art that there are other ways to couple 
the magnetic forces to the wheels so as to effect steering. For example, if the vehicle 
primarily goes in one direction it is possible to modify the design of Figs. 7A-7B by 
moving the pivot point slightly forward and restricting the amount of pivot to only a 
20 few degrees. This will improve the steering stability for forward motions at the 

expense of stability for reverse motion. However, slow speed reverse motion would 
still be possible and this may be a preferred solution. If desired more complex linkages 
can be added and active steering via feedback control may be desirable at very high 
speeds. 

25 Switching 

In order to switch a vehicle employing a guidance mechanism according to this 
invention, it is necessary to be able to change the guidance force. This can be done by 
mechanical means, such as lowering a section of guideway so as to increase the air gap 
(and, thereby, decrease the magnetic restorative force). It would take very little motion 
30 to effect a major change in force, so the mechanical motion could be done in a fraction 
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of a second. However, it is preferable to perform the switching without moving parts. 
A preferred method is to add a mechanism that uses magnetic forces to control the 
direction of motion. 

Figure 8 shows one embodiment according to the invention for altering the 
5 guidance force via electromagnetic means. In this figure, a coil 32 is added to the 
guideway rail structure. Depending on the polarity of the current in this coil, the 
restorative forces between the guide plate and the guideway can be increased or 
decreased by increasing or decreasing the magnetic field in the gap. 

An alternate magnetic switching structure is shown in Figures 9A-9B. Here the 
10 switching is actuated by a pair of figure-8 coils that can cause the flux to switch 

between adjacent poles. Referring to Figure 9A, a vehicle entering the switch 33 from 
the left has a choice of continuing straight or turning right If coils 34, 35 of Figure 9B 
are energized with the current polarity shown in Fig. 9B, then poles 41, 43 will have 
higher magnetic fields than poles 40, 42 and the vehicle will turn right If the opposite 
15 current polarities are used, then the vehicle continue straight. Note that it is possible 
for the guidance rails to cross at 45 without major change in the guidance forces. 

Figure 9B shows how the mechanism of Figure 9A is installed on a guideway 
47 so as to control switching. In this Figure 9A each line is a pair of guidance rails; 
the running surface for the wheels is not shown. Before a guide plate-equipped vehicle 

20 enters the switch 33 in the left part of Figure 9A, and after the vehicle has passed 
through the switch, it is guided by two pairs of passive guidance rails, one on either 
side of the vehicle. For a vehicle moving from left to right in the drawing, it is 
desirable to be able to control direction so that the vehicle follows either the left 
guidance rails 48A or the right guidance rails 48B. This is accomplished by adding 

25 electromagnetic coils to the portions of the guidance rails that are drawn heavier in 

Figure 9B. If the vehicle is to be diverted to the right the force in guidance rails 48B 
is strengthened, the force in guidance rails 48A is weakened, and the vehicle moves to 
the right If it is desired to continue straight then the force in guidance rails 48A is 
strengthened and the force in guidance rails 48B is weakened. 
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Once the vehicle passes through the switch 33 it is guided by passive guidance 
rails, but for a portion of the switch there is only one pair of rails guiding portions of 
the vehicle. However, the vehicle is usually longer than the missing portions of the 
guidance rails, so some of the guidance modules on the vehicle will have force from 
two pairs of guidance rails, and the system is designed to have sufficient force to 
insure reliable operation. Note that passive guidance rails can cross, as shown at 
position 45 in Figure 9 A Also, because this is a flat guidance system, it is possible for 
the wheels to cross the guidance rails without interference. One possibility is to use a 
stainless steel or titanium plate to cover the guidance rails in the crossing area so that 
the wheels have a smooth running surface and the covering plate does not interfere in a 
significant way with the magnetic fields; these materials are nonmagnetic and have 
relatively high resistivity so a thin plate is acceptable. 

If neither the left or right electromagnets are actuated the vehicle's inertia is 
large enough that the vehicle would follow the straight path. This provides a fail safe 
feature in the event of failure in the electromagnetic actuation system. 

The switch 33 Figure 9A can also be used to automatically merge two lanes of 
traffic into one. In this case streams of vehicles would be moving from right to left 
following either guide rails 48A or 48B. In this case there is no need to activate the 
switch electromagnets because both streams of vehicles will automatically end up 
following rails 48C. Of course it is still possible to activate the switching 
electromagnets if the added force is deemed to be desirable, but with a well designed 
system this should not be necessary, thereby providing fail safe operation. 

Guiding Objects Other Than Vehicles 

The guidance mechanisms described herein can be used to guide structures 
other than vehicles. Thus, for example, as described below they can be used to steer 
or guide a magnetically suspended vehicle or rotating structure. Figure 11 shows a 
flywheel with such a magnetic guidance structure at both the top and bottom. In this 
case the vertical force associated with the guidance force is used to suspend the wheel 
in a nearly lossless manner. 
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Specifically, the drawing shows a flywheel 50 having guide plates 52 and 54 
integral to top and bottom rotating surfaces of the flywheel 50, as shown. The guide 
plates 52, 54 are preferably comprised of circular ferromagnetic or paramagnetic 
sections disposed concentrically to the surface of the flywheel 50 and centered about its 
axis of rotation 59. More particularly, the guide plates 52, 54 are constructed in the 
manner, e.g., of the guiderail 7 shown in Figure 5. Guideways 56, 58 are placed on 
inner surfaces of the cavity in which the flywheel 50 is disposed in opposing 
relationship to the guide plates 52, 54, as shown. The guideways 56, 58 preferably 
comprise structures constructed in the manner of the guide plate 1 shown in Figure 5, 
albeit configured in a circular section substantially mirroring in shape and pathway of 
guide plates 52, 54 when the flywheel is fully aligned. 

A vertical stabilizing system, not shown, counteracts the inherent instability of 
the magnetic suspension so as to make the flywheel stay in an equilibrium position that 
requires no steady state power. For operation in a gravitational filed that creates a 
downward force, the feedback control raises the wheel until it is nearer the upper 
guidance structure than the lower structure with a net upward magnetic force that 
exactly balances the gravitational force. It is possible to design a structure for which 
there is an equilibrium vertical position at a location that also allows enough radial 
guidance to keep the wheel centered: the equilibrium is stabilized by the feedback 
control system. In this case the magnetic guidance provides radial position control and 
replaces the shaft that would be used with a conventional bearing supported wheel. 

An analogous configuration can be used to guide a magnetically suspended 
vehicle. In this case the guidance is provided by linear guidance rails and it may be 
unnecessary to have a lower guidance structure of the type shown in Fig. 11. 

Although specific embodiments of the invention have been shown and 
described, it will be understood that other embodiments and modifications which will 
occur to those of ordinary skill in the art fall within the true spirit and scope of the 
invention as set forth in the appended claims. 
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a guideway, 

a guide plate for moving along the guideway, 

a magnetic field source for inducing an attractive magnetic force between the 
guide plate and at least a portion of the guideway in a vicinity of the guide 
plate, 

the magnetic force having at least a passive component that opposes lateral 
deviation of the guide plate from a direction of motion established by the 
guideway, even in the absence of relative motion by the guide plate in the 
direction of motion established by the guideway, and 

the guide plate being coupled to the vehicle for guiding a path of motion 
thereof. 

2. A system according to claim 1, wherein at least one of the guideway and guide 
plate comprises the magnetic field source. 

3. A system according to claim 1, wherein the magnetic field source comprises 
any of a permanent magnet and an electromagnet 

4. A system according to claim 3, wherein at least one of the guide plate and 
guideway comprise any of a permanent magnet, electromagnet, ferromagnetic 
material and paramagnet material. 

5. A system according to claim 1, wherein 

the guide plate comprises the magnetic field source, which includes any of a 
permanent magnet and electromagnet, and 
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the guideway comprises any of a ferromagnetic and paramagnetic material. 
6. A system for guidance and switching of a vehicle, comprising 
5 a first guideway, 

a second guideway that diverges from the first guideway, 

a guide plate for moving along any of the first and second guideways, 

10 

a magnetic field source for inducing a magnetic force between the guide plate 
and 

at least a portion of any of the first and second guideway in a vicinity of the 
guide plate, 

15 

the magnetic force having at least a passive component that opposes lateral 
deviation of the guide plate from a direction of motion established by a 
respective one of the first and second guideways in which the guide plate is in 
the vicinity, even in the absence of relative motion by the guide plate in the 
20 direction of motion established by the guideway, and 

the guide plate being coupled to the vehicle for guiding a path of motion 
thereof. 

25 7. A system according to claim 6, wherein the guide plate switches from moving 
along the first guideway to moving along the second guideway when magnetic 
force between the guide plate and the second guideway is greater than the 
magnetic force between the guide plate and the first guideway. 

30 8. A system according to claim 7, wherein the second guideway comprises an 
electromagnet for selectively inducing a greater magnetic force between the 
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guide plate and at least a portion of the second guideway than the magnetic 
force between the guide plate and the first guideway. 

9. A system according to claim 7, wherein at least one of the first and second 
guideways is moved to induce a greater magnetic force between the guide plate 
and at least a portion of the second guideway than the magnetic force between 
the guide plate and the first guideway. 

10. A system for conveyance, comprising 

a vehicle with a steering mechanism that determines a direction of motion of 
the vehicle, 

a guideway, 

a guide plate for moving along the guideway, 

a magnetic field source for inducing a magnetic force between the guide plate 
and at least a portion of the guideway in a vicinity of the guide plate, 

the magnetic force having at least a passive component that opposes lateral 
deviation of the guide plate from a direction of motion established by the 
guideway, even in the absence of relative motion by the guide plate in the 
direction of motion established by the guideway, and 

the guide plate being coupled to the steering mechanism to direct motion of the 
vehicle as a function of motion of the guide plate along the guideway. 

11. A system according to claim 10, wherein 

the vehicle comprises one or more wheels, and 
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the steering mechanism angles the wheels in order to at least partially determine 
a direction of motion of the vehicle. 

12. A system according to claim 10, wherein the steering mechanism comprises a 
pivot, and wherein the guide plate is coupled to the steering mechanism for 
rotating the pivot in response to lateral deviation of the guide plate from the 
direction of motion of the guideway. 

13. A system for guidance of a vehicle, comprising 
a guideway, 

a guide plate that moves along the guideway and that is coupled to the vehicle 
for guiding a path of motion thereof, 

the guide plate and guideway having poles that are disposed in opposing 
physical relationship to one another and that are of opposing magnet polarities 
to one another, and 

the opposing poles of the guide plate and guideway giving rise to a magnetic 
force the magnetic force having at least a passive component that opposes 
lateral deviation of the guide plate from a direction of motion established by the 
guideway, even in the absence of relative motion by the guide plate in the 
direction of motion established by the guideway. 

14. A system according to claim 13, wherein at least one of the guideway and 
guide plate comprises the magnetic field source. 

15. A system according to claim 14, wherein the magnetic field source comprises 
any of a permanent magnet and an electromagnet. 
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16. A system according to claim 14, wherein a magnetic flux between the poles of 
guideway and guide plate is focussed. 

17. A system according to claim 16, wherein the poles of at least one of the 
guideway and guide plate comprise tips of any of a ferromagnetic material and 
a paramagnetic material for focussing the magnetic flux. 

18. A system for guidance of a vehicle, comprising 
a guideway, 

a guide plate that moves along the guideway and that is coupled to the vehicle 
for guiding a path of motion thereof, 

each of the guideway and the guide plate comprising a pair of poles of 
opposing magnetic polarities to one another, 

each of the poles of the guide plate being disposed in opposing physical 
relationship to a corresponding pole of the pair of poles of the guideway and 
being of opposite polarity to that corresponding pole, 

the opposing poles of the guide plate and guideway giving rise to magnetic 
forces that have at least a passive component that opposes lateral deviation of 
the guide plate from a direction of motion established by the guideway, even in 
the absence of relative motion by the guide plate in the direction of motion 
established by the guideway. 

19. A system according to claim 18, wherein a spacing between the poles of the 
guide plate differs from a spacing between the corresponding poles of the 
guideway. 
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20. A system according to claim 19, wherein the spacing between the poles of the 
guide plate differs from a spacing between the corresponding poles of the 

, guideway. 

21. A system for guidance of a vehicle, comprising 
a guideway, 

a guide plate that moves along the guideway and that is coupled to the vehicle 
for guiding a path of motion thereof, 

each of the guideway and the guide plate comprising a pair of poles of 
opposing magnetic polarities to one another, 


the guide plate comprising a pair of magnetic field sources, one pote of each of 
15 which comprises a pole of the guide plate, 

each of the poles of the guide plate being disposed in opposing physical 
relationship to a corresponding pole of the pair of poles of the guideway and 
being of opposite polarity to that corresponding pole, 

20 

the opposing poles of the guide plate and guideway giving rise to magnetic 
forces that have at least a passive component that opposes lateral deviation of 
the guide plate from a direction of motion established by the guideway, even in 
the absence of relative motion by the guide plate in the direction of motion 
25 established by the guideway. 

22. A system according to claim 21, wherein at least one of the magnetic field 
sources comprises any of a permanent magnet and an electromagnet 

30 23. A system according to claim 22, wherein the poles of the guide plate comprise 
tips of any of a ferromagnetic material and a paramagnetic material for 
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focussing a magnetic flux between those poles and the corresponding poles of 
the guideway. 

24. A system according to claim 22, comprising any of a ferromagnetic and 
paramagnetic material for magnetically coupling those poles of the magnetic 

5 field sources that do not comprise a pole of the guide plate. 

25, A system according to claim 21, wherein the guideway comprises any of a 
ferromagnetic and paramagnetic material. 

10 26. A system according to claim 25, wherein the poles of the guideway comprise 
any of ferromagnetic and paramagnetic members having ends disposed in 
opposing physical relationship to the corresponding poles of the guide plate. 

27. A system according to claim 26, wherein a cross-section of those members is 
15 decreased at the ends disposed in opposing physical relationship to the 

corresponding poles of the guide plate. 

28. A system according to claim 21, wherein the guideway comprises a laminate of 
any of a ferromagnetic and paramagnetic material. 

20 

29. A system according to claim 28, wherein the laminate is formed with a pair of 
members having ends disposed in opposing physical relationship to the 
corresponding poles of the guide plate, wherein a cross-section of those 
members is decreased at the ends disposed in opposing physical relationship to 

25 the corresponding poles of the guide plate 


30. A system for guidance of an object, comprising 
a guideway, 

a guide plate for moving along the guideway, 


30 
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a magnetic field source for inducing an attractive magnetic force between the 
guide plate and at least a portion of the guideway in a vicinity of the guide 
plate, 

the magnetic force having at least a passive component that opposes lateral 
deviation of the guide plate from a direction of motion established by the 
guideway, even in the absence of relative motion by the guide plate in the 
direction of motion established by the guideway, and 

the guide plate being coupled to the vehicle for positioning thereof. 

31. A system according to claim 30, wherein at least one of the guideway and 
guide plate comprises the magnetic field source. 

32. A system according to claim 30, wherein the magnetic field source comprises 
any of a permanent magnet and an electromagnet 

33. A system according to claim 32, wherein at least one of the guide plate and 
guideway comprise any of a permanent magnet, electromagnet, ferromagnetic 
material and paramagnet material. 

34. A system according to claim 30, wherein the object is a flywheel. 

35. A flywheel system comprising, 

a guideway defining a substantially circular path, 

a flywheel having mounted thereon a guide plate for moving along the 
guideway, 


-26- 


SUBSTITUTE SHEET ( rule 26 ) 


WO 99/33691 PCTAJS98/27401 

a magnetic field source for inducing an attractive magnetic force between the 
guide plate and at least a portion of the guideway in a vicinity of the guide 
plate, 

the magnetic force having at least a passive component that opposes lateral 
5 deviation of the guide plate from a direction of motion established by the 

guideway, even in the absence of relative motion by the guide plate in the 
direction of motion established by the guideway. 


36. A system according to claim 35, wherein at least one of the guideway and 
10 guide plate comprises the magnetic field source. 

37. A system according to claim 35, wherein the magnetic field source comprises 
any of a permanent magnet and an electromagnet 

15 38. A system according to claim 37, wherein at least one of the guide plate and 
guideway comprise any of a permanent magnet, electromagnet, ferromagnetic 
material and paramagnet material. 

39. A system according to claim 35, wherein the guideway is mounted in a housing 
20 in which the flywheel is disposed and in opposing relationship to the guide 

plate. 
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